Thirty-seven plant organs, traditionally used as drugs, collected in Pakistan, were extracted with 70% acetone and analyzed for their total phenolics concentration and antioxidant poten tial. Seven extracts showed more than 85% inhibition of lipid peroxidation in vitro as com pared with blank. Butylated hydroxytoluene (BHT) (IC 50 = 233.6 ng / 1 ± 28.3) was the strongest antioxidant in our test system. The IC50 results indicate that the extracts of Nymphaea lotus L. flowers, Acacia nilotica (Linn.) Delile beans, Terminalia belerica Roxb. fruits, and Terminalia chebula Retz. (fruits, brown) were stronger antioxidants than a-tocopherol, while Terminalia chebula Retz. (fruit coat), Terminalia chebula Retz. (fruits, black) and R i cinus communis L. leaves were w eaker antioxidant extracts than a-tocopherol and BHT. Total phenolics concentration, expressed as gallic acid equivalents, showed close correlation with the antioxidant activity. High perform ance liquid chromatographic analysis with diode array detection at 280 nm, of the seven extracts indicated the presence of hydroxybenzoic acid derivatives, hydroxycinnamic acid derivatives, flavonol aglycones and their glycosides as main phenolics compounds. This information, based on quick screening methods, enables us to proceed towards more detailed chemical and pharmacological understanding of these plant materials.
Introduction
Phenolic compounds of natural origin are of re cent interest for improving human health and in this context, crude extracts of a variety of plant materials are being investigated for their phenolics and antioxidant potential (Haslam and Cai, 1994; Larson, 1988) . The antioxidant activity of pheno lics is mainly due to their redox potential that is determined with a variety o f assays (D iaz et al., 1995). Phenolics also contribute significantly to the color, taste and flavor of many foods and drinks and their nutritive value is of interest as possible alternatives o f synthetic antioxidants (Cynshi et al., 1995) .
The World H ealth Organization estim ates that the population o f developing countries relies to about 80% on traditional m edicines for their pri mary health needs and 85% of these traditional medicines involve the use o f plant extracts. This means that about four billion people rely exclu sively on plants as their source of medication (Fransworth, 1988) .
A wide variety of folk medicinal plants, growing on fertile land of Pakistan, are unknowingly ex ploited and have not been scientifically investi gated for their biologically active principles (Kirtikar and Basu, 1975). Although som e of these plant materials have been in focus for the drug discov ery and a wealth of information is available in pharmacology literature about their therapeutic applications but a few of them have been collected from Pakistan and studied for their possible phar macological applications. In this context, as a part of systematic study of Pakistani folk medicinal plants, we selected som e known and some not so well known plant organs from their natural habi tats in Pakistan, identified them and determined their phenolic contents and antioxidant potential. This study, based on quick recognition of phenolics of selected plant materials and a correlation be tween their phenolic contents and antioxidant po tential in their crude extracts, is a first step forward to reveal the phytochemistry of these plant materi als. 
Extraction
Each dried plant material (500 mg) was hom og enized for 40 s with Ultra-Turrax T25 (Janke and Kunkel, IKA-Labortechnik, Germany) in 20 ml of 70% acetone at room temperature. The hom oge nate was continuously stirred for 1 hr follow ed by centrifugation for 10 min at 4000 x g. The pellet was extracted twice with 25 ml o f 70% acetone and the extract was evaporated to dryness under reduced pressure at 35 °C by a rotary evaporator (Laborota 4000, Heidolph, Germany). Each dried extract was diluted in deionized water at 40 mg m l-1 and the extracts were stored at -1 8 °C for further analyses.
Total phenolics concentration (TPC)
The assay was slightly modified for this study by hom ogenizing the contents at 1500 x g for 10 min and measuring the absorbance at 730 nm instead of usual 765 nm. Each extract (0.1 ml) was mixed with 5.9 ml water and 1.0 ml o f the diluted extract was mixed with 1.0 ml Folin reagent. The mixture was allowed to stand for 2 -5 min and 2 ml of 20% N a2 C 0 3 was added. 
Results and D iscussion
The aim of the present study was the assessment of phenolic contents and the determination of the antioxidant activity of the extracts of folk medici nal plant organs from Pakistan with the help of simple and efficient assays.
The Folin-Ciocalteau method was chosen due to its sensitivity, lower interference and quickness to quantify the phenolics as compared to competitive tests (Am erine and Ough, 1974; Waterman and M ole, 1994). This test quantifies the phenolics by reaction of Folin-Ciocalteau reagent with all m ole cules containing hydroxyl groups (Torres et al., 1975) . For the determination of total phenolics, the Folin-Ciocalteau assay was slightly modified. H om ogenization of the contents immediately be fore measuring the absorption noticeably reduced the turbidity and 730 nm proved to be a more suit able absorbance wavelength and gave higher total phenolic concentration as compared to 765 nm. These minor changes provided better reproducib ility in triplicate measurements in our test condi tions, (Saleem et al., 2001) .
The (Fig. 1) .
Total phenolics concentration results, com pared with those of antioxidant activity, indicate that extracts with high antioxidant activity have higher concentration of phenolics (Fig. 2) Table I higher total phenolic concentration and antioxi dant activity with the help of HPLC-DAD. Pheno lic compounds were identified on the basis of re tention times, the shapes and U V maxima, (Table II) . The U V spectra of the selected peaks, compared with those of standards, indicated the presence of hydroxycinnamic, hydroxybenzoic acid derivatives, and flavonol glycosides. Hydroxycinnamates were identified on the basis of U V spectra of caffeic acid and chlorogenic acid, while hydroxybenzoic acids were compared with gallic acid. Flavonol aglycones were recognized by com paring their U V spectra with that of catechin, and flavonol glycosides with rutin while flavanone in T. chebula (fruits, coat brown) was recognized by comparison with the naringenin spectrum.
Plant extracts (see
In conclusion, this study has formed the basis for selecting the most active antioxidant extracts with higher phenolic contents, subjecting them to detailed chromatographic and spectroscopic analysis for revealing their m olecules responsible for the potent antioxidant activity.
A cknowledgem ents
This study was funded by Finnish Cultural Foun dation and Juvanita Pharma OY. The authors would like to thank Dr. Zahoor Ahm ed, former Professor of Taxonomy, University of the Punjab, Lahore, Pakistan for identifying the plant materi als under study.
